Abstract-Notwithstanding the extensive research effort has gone into understanding face perception by human brain. The concept of face recognition is established yet is selectively impaired relative to recognition of faces of equivalent difficulty. The objective of present study is to develop a theoretical model and a set of stipulations for understanding and discussing how we distinguish familiar faces, and the relationship between recognition and other aspects of face processing. Top down imagery stimuli of familiar and unfamiliar faces were shown to healthy individuals and were asked to recognize them as quickly and accurately as possible. The stimuli were formulated in such a manner that semantic memory and cognitive training does not play a significant role during the task execution. The responded stages by the subjects were recorded. Results obtained from the nonparametric analysis of the multivariate data recorded indicate that process of structural decoding of unfamiliar faces occurring inside the brain is delayed in comparison to familiar faces. It is speculated that brain structures, which have been associated with face recognition task countenance difficulty while identifying unfamiliar faces. Several distinctive information that we derive from seen faces appear to influence the processing performance of the brain during the task.
I. INTRODUCTION
Human faces are amongst the most significant social signals in everyday life. It is widely acknowledged that face recognition is subserved by highly specialized processes that are qualitatively different from processes underlying the identification of other kind of objects [1] . Several studies on this subject further confirm that face recognition is a dedicated process which is different from general object recognition [2, 3] .
Many studies on human face perception have identified an interhemispheric difference is more dominant for face processing. In physiological studies using fMRI, right FFA was activated more than left FFA [4, 5] . Using ERP and MEG most subjects evoked larger components for face in the right hemisphere than the left [6, 7, 8, 9] .
Neuropsychological studies have established that people use different brain areas for face recognition and other object recognition [10] . Evidence from ERP study, [11] has also confirmed that processing of facial affect relies on the interplay of several distinct brain areas. This seems to be evident because recognition of known faces involves a match between the products of structural encoding and previously stored structural codes describing the appearance of known faces, held in face recognition units. Impaired structural encoding can result in the disruption of face identification [12] . It is also proposed that cognitive system plays an active role in deciding whether or not the preliminary match is sufficiently close to indicate true recognition or merely a similitude to the true recognition. Several factors are seen to influence such decisions.
In the latest unanimous study [13] , investigating face recognition by humans, it is evident that humans can recognize faces in extremely low resolution images which nicely fit in the present experimental protocol.
Neuropsychological investigations of visual imagery and representations have led to a deeper understanding of the face perception, representation and memory. But how each individual perceives face's structural properties, is there any discrepancy when it comes to distinguishing familiar and unfamiliar faces, and does recognition has any correlation with face processing aspects is still unclear. The aim of this present study is to shed light on these questions.
II. METHODOLOGY

A. Subjects
Eighteen healthy subjects equally from either gender participated in this study. The mean age was 23.37 years for female subjects and 23.14 years for male subjects. All the subjects had normal or corrected to normal visual acuity. Every subject was totally naïve to experiment on face perception.
B. Stimuli and apparatus
Participants were seated in a light attenuated room. A 19 inch computer screen was placed 20 cm in front of the participant's eyes. Stimuli were images of familiar and unfamiliar faces processed on graphics software, and presented on a computer monitor in front of a black background. To overcome variability of object appearance caused by extrinsic factors [14] intensity level of each stimulus was kept fixed and all face images showed a frontal view, with opened eyes having a neutral expression. All the images were edited to a same format and sizes were kept fixed as 5.2x4cm on the computer screen. The familiar faces consisted of two categories of faces. The first category consisted of well known politicians, movie stars, sportsmen and other celebrities and the second category consisted of common friends and colleagues known personally to all the subjects. The unfamiliar faces were of people that the subject had never seen previously. Each category consisted of fifteen images. The low-resolution images were created by applying Gaussian filter using graphics software. Each image was blurred and was arranged in ten top-down stages in the order of decreasing intensity of the Gaussian filter. Then each set of the face image was randomly arranged in the experimental protocol. In order to remove role of episodic memory blank image was placed at the end of each set.
C. Preparation
Brief medical history and written consent was taken from each participant. They were then given a brief description about the experiment and setup in the laboratory.
D. Experimentation
Each experimental session lasted for about 25 minutes. Participants were instructed to respond orally as quickly and accurately as possible to the respective stimuli, and to maintain central eye fixation during the trials. They were however asked not to guess, but only respond once they were fairly certain about the identity. Participant had to judge the familiarity of each face by classifying them into one of the three categories: (1) Familiar celebrity face (name and profession known); (2) Personally familiar face of colleague or friend (name and profession known); (3) Unfamiliar face (never seen before). The same face remained on the screen, though shifted through stages of progressively lower blurring, the last stage being the unmodified original face, until a response was made. The particular stage where response was elicited was noted for each subject. While showing the blank image, subjects were asked to give feedback describing the distinctive characteristics observed in the previous set of images. Stimulus repetition was not allowed. Responses were classified as correct when a category 1, 2 and 3 was chosen for celebrity faces, personally familiar faces, and unfamiliar faces, respectively.
III. DATA ANALYSIS AND RESULTS
Using the recorded data respective frequencies for each stimulus were evaluated. Then, cubic spline interpolates for each frequency points were traced. Interpolates were validated by satisfying cubic spline interpolant conditions [15] . Then, Curve fitting of the validated interpolates were performed and respective frequency polygons were plotted for each subject per category and for all subjects per category. It can be seen from the frequency polygon results that the stage which corresponded to the maximum correct responses for familiar celebrity faces is 6 and 4 for personally familiar category. Response was however slightly delayed in case of unfamiliar faces with 7 being the maximum responded stage. Thus, it is observed from the experiment that subjects showed good ability to indentify familiar faces and to discriminate between the familiar and unfamiliar faces used in this experiment.
Nonparametric density estimation technique was applied to reveal the basic ingredients of multivariate frequency data obtained. It has been proved by earlier comparative studies on nonparametric density estimation techniques that kernel density estimation is an effective tool to reveal structure of multivariate samples [16, 17] . For the d-variate random samples X 1, X 2, . . . , Xn drawn from a density f, the kernel density estimate (KDE) is defined by where x is independent and identically distributed (i.i.d.) collection of random variables [18] given by x = (x 1, x 2, . . . , x d )
T and X i = (X i1, X i2, . . . , X id ) T , i = 1, 2, 3,…, n. H is the bandwidth matrix which is symmetric and positive-definite [19] , and K is a d-variate kernel function satisfying the condition Gaussian kernel has much longer effective support than other kernels [20] , hence it was used as kernel function. It is given by KDE of each subject per category and for all subjects per category was evaluated and respective kernel smoothing curves were plotted. Then, maximum value of kernel densities for all the plots was evaluated. From the KDE graphs, it can be observed that steeper curve is formed during personally familiar faces while the curve is slightly broader in response to celebrity faces. In the case of unknown faces, roughly flat topped curve is obtained.
The maximum kernel density estimate for all subjects during celebrity faces, personally known faces, and unknown faces is 0.0256, 0.0376, and 0.0191, respectively.
These results provide evidence that probability density is maximum in case of personally familiar faces, comparatively less for celebrity faces and least for unfamiliar faces. Hence, it can be concluded that brain tend to show superior ability when it comes to identifying familiar faces whereas comparatively, predicament occur when it comes to identifying unknown faces.
IV. DISCUSSION AND CONCLUSION
The aim of this experiment was to probe the processing model underlying familiar and unfamiliar faces in the human brain. This report describes a series of processing stages and correlation addressing the recognition of low resolution images arranged in top down manner. Various frequencies of responses and nonparametric constraints are investigated to find out the way and mode of interaction between recognition and other characteristics of face processing.
Our results agree with earlier studies [21, 22] , that both holistic and feature information are crucial for the perception and recognition of faces. Study suggests the possibility of global descriptions serving as a front end for finer, feature based perception. If dominant features are present, holistic descriptions may not be used. Significance of facial features is ranked in the order as: face outline, hair, skin color, eyes and eyebrows, mouth, and other features.
The skin tone and color of the faces was observed to place a noteworthy impact. Subjects showed a poor performance against faces with evenly toned skin whereas, performance was better with unevenly toned skin. It is proposed that unevenly toned skin might improve the definition of the facial outlines and hence augmenting the precision of recognizing facial aspects. The aesthetic attributes such as beauty, attractiveness, etc. also play a role with the conclusion that the more attractive the faces are, the better is their recognition rate; the least attractive faces come next, followed by the midrange faces. All faces are not recognized equally [23] , this seems to be apparent because distinctive faces are better retained in memory and are recognized better and faster than typical faces. These inferences are also correlated with the rate recognition shown by subjects to the different categories of faces as concluded from the analysis results. The better performance with the known faces gives an account that ability of the brain to tolerate degradations in the image increases with familiarity.
Previous studies [24, 25] , concluded that information contained in low spatial frequency components plays a dominant role in face recognition. During the recognition task it was found that low frequency and high frequency components impart different information. For example, the sex judgment task can be successfully accomplished using low frequency components only, while the identification task requires the use of high frequency components.
